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(57) Abstract: A process is provided for activating gene transfer in a cell by administering a gene transfer activating compound to 
the cell in conjunction with a gene transfer vector. A kit for activating gene transfer as well as process for identifying a compound 
that activates gene transfer are described. Use of a gene transfer activator compound enhances gene transfer of a given gene transfer 
vector. 
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COMPOUNDS PROMOTING DELIVERY OF GENES 
Related Application 

This application claims priority of United States Provisional Patent 
Application Serial No. 60/393,266 filed July 2, 2002, which is incorporated 
5 herein by reference. 

Grant Reference 

The subject invention was made with government support under a grant 
from the National Institutes of Health, Grant Nos. NIH NIDDK 5 P30 
DK54781 and NIH NCI 5 U19 CA67763. The government has certain rights 
10 in the invention. 

Field of the Invention 

The present invention generally relates to compounds promoting 
delivery of exogenous genes to cells. Specifically, the present invention relates 
to compounds which promote gene transfer via a viral vector. 

15 Background of the Invention 

Delivery of an exogenous gene to a cell, and expressing the gene once it 
is delivered, is more difficult in some cell types than others. While numerous 
processes of enhancing exogenous gene delivery and gene expression have 
been developed, there is a continuing need for improved methods. 

20 While gene transfer to cells and tissues is often complex, it is 

particularly difficult to transfer exogenous genes into epithelial cells (1-8). It is 
believed that this resistance reflects the barrier function of these tissues and 
failure of epithelial cell apical membranes to uptake gene transfer vectors such 
as adenoviral particles (4, 5). In contrast to lack of endocytic activity of 

25 epithelial apical membranes, basal membranes of epithelial cells do allow 
endocytosis. However, basal membranes are not accessible because of the tight 
junctions between cells. 

Difficulty with gene transfer in epithelia using adenovirus vectors is 
well documented (4-6). However, such problems are not limited to adenoviral 

30 constructs and it is reasonable to imagine that the barrier function of epithelia 
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may substantially limit transduction efficiency with vectors unrelated to 
adenovirus by a similar mechanism. 

A number of methods have been used, both in vitro and in vivo y to 
overcome cellular resistance to introduction of exogenous genes. While 
5 EDTA, EGTA, other calcium chelators, and abrasion all augment gene transfer 
to epithelial cells, results are still less than optimal for effective in vitro studies 
as well as for gene therapy applications (7-8). 

Gene therapy is the treatment of a pathological condition by 
introduction of an exogenous gene into a cell or tissue. In inherited diseases 

10 such as sickle cell anemia, a\ antitrypsin deficiency, phenylketonuria, 
hemophilia and cystic fibrosis, the goal of gene therapy is to replace a missing 
or defective gene in order to allow a cell or tissue to function normally. Gene 
therapy can also be used to eliminate abnormal cells. In pathological conditions 
such as cancer, inflammation and autoimmunity, this technique allows for 

15 introduction of toxins which cause death of the targeted abnormal cells. 

In spite of the promise of gene therapy for management of intractable 
disease, inefficient transfer of genes into cells has slowed progress towards the 
goal of routine, reproducible treatment. The refractoriness of cells and tissues 
in vivo is well known. The required level of gene transfer is rarely attained in 

20 current gene therapy protocols even though only a small number of cells are 
required to express the therapeutic gene in order to ameliorate the pathological 
condition (1-3). For instance, for treatment of cystic fibrosis it has been 
suggested that if 5% of target epithelial cells express one Cystic Fibrosis 
Transmembrane Conductive Regulator (CFTR) mRNA molecule per cell, the 

25 physiologic CY transport defect in the airways may be overcome. 
Nevertheless, it has not been possible to consistently achieve even this low 
level of gene transfer in vivo using conventional adenoviral or other vectors. 

The discovery of new means of facilitating gene transfer and enhancing 
exogenous gene expression would benefit both clinicians and bench scientists. 

30 Thus, if a safe transient activator of gene transfer or expression to otherwise 
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refractory cells, tumors or tissues were identified, this agent could be 
administered in combination with a vector encoding a gene of choice. 

Summary of the Invention 
A kit for activating gene transfer is provided which includes a gene 
5 transfer activating compound, packaged in a suitable container together with 
instructions for use to activate gene transfer. 

A process for activating gene transfer of a vector to a cell is provided. 
An inventive process includes the steps of contacting a cell with a recombinant 
gene transfer vector and administering a gene transfer activating compound to 
10 the cell, such that transfer of the vector to the cell is activated. 

Also described is a process for determining the efficacy of a putative 
gene transfer activating compound to activate gene transfer. The process 
includes the steps of administering a test compound to a first cell and 
contacting the first cell with a first amount of a recombinant vector. A further 
15 step includes contacting a second cell with a second amount of the recombinant 
vector wherein the second amount of the recombinant vector substantially 
equal to the first amount. A gene transfer indicator is assessed in the first and 
second cells to obtain a test measurement and a control measurement 
respectively. The test measurement and the control measurement are then 
20 compared to determine the efficacy of the putative gene transfer activating 
compound to activate gene transfer. 

Further provided is a gene transfer activation composition useful in 
making a target more susceptible to a gene expression vector through the co- 
administration of a gene transfer activator compound. 
25 Brief Description of the Drawing s 

Figure 1 is a bar graph illustrating luciferase signal in HT29 cells 
exposed to various gene transfer activator compounds as well as a HeLa 
control and a no gene transfer activator compound control. 

Figure 2A is a bar graph illustrating luciferase signal in HeLa cells 
30 exposed to various concentrations of compound 675865 at differing 
multiplicities of infection (MOI) of an adenovirus vector expressing luciferase. 
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Figure 2B is a bar graph illustrating luciferase signal in HT29 cells 
exposed to various concentrations of compound 675865 at differing MOI of an 
adenovirus vector expressing luciferase. 

Figure 3A is a bar graph illustrating luciferase signal in HeLa cells 
5 exposed to various concentrations of compound 675865 at differing MOI of an 
adenovirus vector expressing luciferase. 

Figure 3B is a bar graph illustrating luciferase signal in HT29 cells 
exposed to various concentrations of compound 675865 at differing MOI of an 
adenovirus vector expressing luciferase. 
10 Figure 4A is a bar graph illustrating luciferase signal in Calu3 cells 

exposed to 40 micromolar of compound 675865 at 10 MOI of an adenovirus 
vector expressing luciferase compared with luciferase expression in cells 
exposed to virus but no compound 675865. 

Figure 4B is a bar graph illustrating luciferase signal in Calu3 cells 
15 exposed to 40 micromolar concentration of various compounds at 10 MOI of 
an adenovirus vector expressing luciferase compared with luciferase expression 
in cells exposed to virus but no activating compound. 

Figure 5A is a bar graph illustrating luciferase signal in HT29 cells 
exposed to various concentrations of compound 675865 at differing MOI of a 
20 lentivirus vector expressing luciferase. 

Figure 5B is a bar graph illustrating luciferase signal in HT29 cells 
exposed to various concentrations of compound 675865 at differing MOI of a 
lentivirus vector expressing luciferase. 

Figure 6A is a bar graph illustrating luciferase signal in HeLa cells 
25 exposed to various concentrations of compound 143491 at differing MOI of an 
adenovirus vector expressing luciferase. 

Figure 6B is a bar graph illustrating luciferase signal in HT29 cells 
exposed to various concentrations of compound 143491 at differing MOI of an 
adenovirus vector expressing luciferase. 
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Figure 7A is a bar graph illustrating luciferase signal in HeLa cells 
exposed to various concentrations of compound 143491 at differing MOI of an 
adenovirus vector expressing luciferase. » 

Figure 7B is a bar graph illustrating luciferase signal in HT29 cells 
5 exposed to various concentrations of compound 143491 at differing MOI of an 
adenovirus vector expressing luciferase. 

Figure 8A is a bar graph illustrating luciferase signal in HeLa cells 
exposed to various concentrations of compound 143491 at differing MOI of an 
adeno-associated virus vector expressing luciferase. 
10 Figure 8B is a bar graph illustrating luciferase signal in HT29 cells 

exposed to various concentrations of compound 143491 at differing MOI of an 
adeno-associated virus vector expressing luciferase. 

Figure 9A is a bar graph illustrating luciferase signal in HeLa cells 
exposed to various concentrations of compound 143491 at differing MOI of an 
1 5 adeno-associated virus vector expressing luciferase. 

Figure 9B is a bar graph illustrating luciferase signal in HT29 cells 
exposed to various concentrations of compound 143491 at differing MOI of an 
adeno-associated virus vector expressing luciferase. 

Figure 10 is a bar graph illustrating fold increase in luminescence signal 
20 in Calu3 cells exposed to 40 micromolar of various activating compounds at an 
MOI of 10 of an adenovirus luciferase expression vector. 

Detailed Description of the Invention 
Identifying compounds useful for activating gene transfer 

A process is provided for identifying a gene transfer activating 
25 compound. A requisite for such compounds is that a measure of gene transfer 
is increased in a cell exposed to a test compound compared to an unexposed 
cell. Numerous methods for measuring gene transfer are known in the art and 
some examples are described below. 

A step of an inventive process provides that a first cell is contacted with 
30 a first amount of a recombinant vector. Additionally, a second cell is contacted 
with a second amount of the recombinant vector. Typically the first and 
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second amounts of recombinant vector are substantially equal so that gene 
transfer into the first and second cells can be more easily compared. 
Substantially equal is intended to mean that the amounts are equal to within 10- 
20%. 

5 A recombinant vector includes gene transfer vectors such as viruses, 

plasmids, cosmids and the like. Optionally the vector includes a nucleic acid 
molecule encoding a protein and a regulator or promoter sequence of said 
nucleic acid molecule whereby said nucleic acid molecule is transcribed and 
translated in the cell. In a further option, the protein encoded by the 
10 recombinant vector is a reporter gene, such as luciferase, p-galactosidase and 
the like. 

In a further step, a putative gene transfer activating compound, or test 
compound, is administered to the first cell. The test compound and the vector 
are typically prernixed prior to application to the cell, but the compound and 

15 vector may be administered separately. 

In a further step of a method for determining the efficacy of a putative 
gene transfer activating compound, a gene transfer indicator is measured. The 
term "gene transfer indicator" is intended to mean any measurable molecule or 
effect that results from gene transfer. Gene transfer indicators include nucleic 

20 acids, proteins, reaction products and the like. Gene transfer indicators also 
include measurable effects on a cell attributable to gene transfer. For example, 
a gene transfer indicator may be cell death where the gene transfer vector 
introduces a molecule into a cell intended to induce an apoptotic event in the 
cell. The gene transfer indicator measured depends on the preference of the 

25 user, reagents available, and cell or tissue type. A gene transfer indicator is 
measured in a cell exposed to the test compound/vector to determine a test 
measurement, and a cell unexposed to the test compound in order to determine 
a control measurement. Gene transfer indicators include nucleic acids, 
proteins, reaction products and the like. Measurement of a gene transfer 

30 indicator is by standard techniques, such as polymerase chain reaction (PCR). 
For example, PCR may be used to detect or quantify a vector in cells exposed 
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to vector and a test compound compared to cells exposed to a vector only. 
Alternatively, an expression product of a vector is measured, for example by 
enzyme assay, such as measurement of luciferase or P-galactosidase activity. It 
is appreciated that measuring a gene transfer indicator may result in a 
5 measurement that represents one or more phenomena produced by exposure of 
a cell to a vector and test compound. For instance, an increase in luciferase 
activity in a cell exposed to a test compound and a vector including luciferase 
encoding sequences compared to a cell exposed to vector only may represent 
an increased amount of vector present in the exposed cell, increased expression 
10 of luciferase by the vector, increased activity of the luciferase in a cell and the 
like. 

In a further step of the process, the test and control measurements are 
compared in order to determine the efficacy of the test compound as a gene 
transfer activating compound. A gene transfer activating compound is 
15 identified when a test measurement differs significantly from a control 
measurement. 

In an exemplary embodiment of a process is provided for identifying a 
gene transfer activating compound, confluent cells plated in multi-well cell 
culture units are exposed to a gene transfer vector, such as adenovirus 

20 luciferase or p-galactosidase constructs, in the presence of the test compound. 
The extent of gene transfer is measured by visual inspection or quantitative 
measurement of luciferase or P-galactosidase in the presence and absence of 
the test compound. Further examples are detailed below. 
Compounds Identified as Gene Transfer Activators 

25 Specific compounds identified by the assay of the present invention as 

gene transfer activators include those compounds designated by National 
Cancer Institute numbers: 73609, 82090, 101492, 102821, 106191, 108613, 
109325, 128720, 143491, 259968, 373989 and 675865. Each of these numbers 
is commonly referred to as NSC [number], for example, NSC 73609. The term 

30 NSC [number] is derived from part of the acronym of the Cancer 
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Chemotherapy National Service Center (CCNSC) and identifies a unique 
compound in an NCI database. 

Compounds effective as gene transfer activators have the formula: 




wherein Q is nitrogen or oxygen, wherein each occurrence of R 1 
5 independently is H, CH 3 , CH 2 CH 3 or a nullity, wherein R 2 is Ci-Qg alleyl, C 2 - 
Cig ether, C2-C18 thioether, C2-C18 secondary or tertiary amine, 
wherein A is 

R 1 
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wherein R 3 is H, CiXs alkyl, or a heteroatom substituted Cj-C6 alkyl where 
the heteroatom is oxygen, nitrogen, or sulfur, wherein R 4 is Cz-Ca amide, or 
=N-R 5 where R 5 is C7-C12 aryloxyl, C!-C 6 hydronyl, carbonyl, carboxyl, or 
acyl, imidazyl, pyrazyl, thiazyl, or oxazyl, wherein X is H, F, CI or Br, wherein 
5 Z is oxygen or sulfur. 
Recombinant Vectors 

Recombinant vectors deliver an exogenous gene or other genetic 
material to be expressed or delivered to a cell. Genetic material illustratively 
includes DNA, plasmid constructs, RNA and oligonucleotides. Genetic 

10 material may include standard nucleic acid bases and/or modified forms thereof 
such as phosphorothioate forms and others. See, for example, Eur J Biochem. 
(2003) 270(8): 1628-44. A recombinant vector typically includes a nucleic acid 
molecule encoding a protein and a promoter positioned upstream of the nucleic 
acid molecule. The nucleic acid is transcribed and translated in the cells to 

15 which the nucleic acid has been transferred. The recombinant vector may 
encode a therapeutic protein such as an IN channel cytokine, an RNA 
interference mediator antibody, antigen, hormone, clotting factor, receptor, 
enzyme, transcription factor, regulatory protein or ribozyme. Further a vector 
may include nucleic acid sequences that trap or sequester intracellular 

20 molecules such as regulatory proteins or detrimental mutant proteins or toxins. 
A vector may also encode a bacterial protein, such as E. coli purine nucleoside 
phosphorylase. 

A recombinant vector may also be an oligonucleotide. Examples of this 
form include antisense oligonucleotides. 

25 Among viral recombinant vectors are retroviruses (10), adenovirus (1 1), 

lenti virus (8), adeno-associated virus (13), herpes simplex virus (14) and 
vaccinia virus (15). A preferred embodiment of the present invention is use of 
compounds of the present invention to activate gene delivery using adenovirus 
recombinant vectors. Further preferred vectors include lentivirus and adeno- 

30 associated virus. These include both replication incompetent and permissively 
replicating adenovirus, lentivirus and adeno-associated virus. 
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10 

A recombinant vector may also be a synthetic delivery particle such as 
a liposome, noisome or the like. Such delivery particles are known in the art 
and are constructed to deliver various materials including genetic material, 
proteins and drugs. See Liposome Methods and Protocols (Methods in 
5 Molecular Biology, Vol 199), S.C. Basu and M. Basu (Eds.), Humana Press, 
2002.; Pharmaceutical Particulate Carriers: Therapeutic Applications (Drugs 
and the Pharmaceutical Sciences, Vol 61), A. Holland (Ed.) Marcel Dekker; 
1993. 
Kh 

10 A commercial kit containing a gene transfer activating compound is 

provided. A gene transfer activating compound included in a commercial kit 
activators has the formula: 
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wherein Q is nitrogen or oxygen, wherein each occurrence of R 1 
independently is H, CH 3> CH 2 CH 3 or a nullity, wherein R 2 is Ci-Cjg alleyl, C2- 
Cis ether, C2-C18 thioether, C 2 -Ci 8 secondary or tertiary amine, 

wherein A is 



1 

9 T , 

,Q— R' 



R' 




R 1 

5 wherein R 3 is H, C1-C6 alkyl, or a heteroatom substituted Ci-C 6 alkyl where 
the heteroatom is oxygen, nitrogen, or sulfur, wherein R 4 is C2-C6 amide, or 
=N-R 5 where R 5 is C7-C12 aryloxyl, Ci-C 6 hydronyl, carbonyl, caiboxyl, or 
acyl, imidazyl, pyrazyl, thiazyl, or oxazyl, wherein X is H, F, CI or Br, wherein 
Z is oxygen or sulfur. 

10 A gene transfer activating compound contained in the kit include those 

compounds designated by National Cancer Institute numbers: 73609, 82090, 
101492, 102821, 106191, 108613, 109325, 128720, 143491, 259968, 373989 
and 675865. 

The kit optionally includes reagents, components or instructions 
15 necessary for the administration of the compounds to a cell. As a further 
option, an inventive kit includes a gene transfer vector. The gene transfer 
vector provided in the kit optionally includes a gene to be expressed in a cell. 
Process For Activating Gene Transfer In A Cell 

A process for activating gene transfer includes the steps of contacting 
20 the cell with a recombinant gene transfer vector and administering a gene 
transfer activating compound to a cell. Activation of gene transfer occurs as a 
result of contacting the cell with a vector and administering a gene transfer 
activating compound to a cell and this activation can be measured. As 
described above, to test for activation of gene transfer, a cell contacted by a 
vector and to which a gene transfer activation compound is administered is 
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compared to a cell contacted by the vector without administration of a gene 
transfer activation compound. An increase in amount of vector present in a 
cell, an increased amount of an expressed gene, and the like, indicate activation 
of gene transfer. 



transfer into cells including but not limited to neural cells, muscle cells, blood 
cells, glial cells, fibroblasts, keratinocytes, hepatocytes, epidermal cells, 
endothelial cells, epithelial cells and tumor cells derived from any of these. In 
a preferred embodiment, inventive methods, compositions and kits activate 
10 gene transfer in cells forming tight junctions. 

Inventive methods, compositions and kits activate gene transfer into 
human cells as well as cow, horse, sheep, pig, goat, chicken, cat, dog, mouse 
and rat cells. 

Methods of Delivering Recombinant Vectors 
1 5 Methods known to those skilled in the art may be used to administer the 

recombinant vector in combination with a gene transfer activating compound. 

For example, genes may be delivered by application of a vector and gene 

transfer activating compound to a cell or a medium in contact with a cell. The 

vector may be premixed with a gene transfer activating compound and the 
20 mixture administered to a cell. Alternatively, the vector or the compound may 

be administered first. 

Also applicable are direct injection of the recombinant vector/gene 

transfer activating compound combination into tissues or cells, lipid-mediated 

uptake, conjugation of the gene to a protein carrier, cationic liposomes, 
25 polycationic polymer-DNA complexes and biolistic methods (1, 9) and other 

gene transfer methods will also generally be applicable. 

Administerine A Gene Transfer Activatine Compound To A Subject 

The invention provides a method for activating gene transfer by 

administering at least one gene transfer activating compound to a subject with a 
30 pathological condition and administering to the subject a vector containing a 

nucleic acid molecule which encodes a protein and a promoter positioned 



5 



Inventive methods, compositions and kits are used to activate gene 
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upstream of the nucleic acid molecule so that the nucleic acid molecule is 
transcribed and translated in the target cells of the subject. Thus, in a cell or 
tissue lacking a normal protein, the invention has utility in providing the cell or 
tissue with genetic material to synthesize the needed protein. 
5 The compounds and methods of the present invention are used to 

activate transfer of genetic material to subjects illustratively including human, 
cow, horse, sheep, pig, goat, chicken, cat, dog, mouse and rat. 

The present invention provides compounds and methods useful in 
treatment of pathological conditions or diseases where it is desirable to 

10 introduce an exogenous protein or genetic material into the target cells or 
tissues of a subject. Illustrative examples of such target cells or tissues include 
those of the skin, nervous system, cardiovascular system, immune system, 
reproductive system, musculoskeletal system, lymphatic system, alimentary 
system, excretory system, endocrine system, hormone system and blood 

15 circulatory system. In a preferred embodiment, the present invention activates 
gene transfer into an epithelial cell. 

An example of the general type of pathological conditions or diseases 
that could be treated using the compounds and methods of the present 
invention is those in which at least one normal protein is lacking, either 

20 missing or produced at reduced levels. Such conditions or diseases 
illustratively include galactosemia, phenylketonuria, Duchenne muscular 
dystrophy, Lesh-Nyhan syndrome, severe combined immunodeficiency 
syndrome, thalassemia, sickle cell anemia, cystic fibrosis, <Xi antitrypsin 
deficiency, cancer, lysosomal storage disorders, porphyria and hemophilia. 

25 In addition, the compounds and methods of the present invention are 

useful in treatment of conditions or diseases where it is desirable to introduce 
an exogenous protein which functions to reduce levels of a mutant protein. An 
example of the general type of pathological condition or disease where this 
applies is a mutation in one allele of a protein which results in a dominant 

30 phenotype which has negative effects on the cell, tissue or organism. In such a 
case, levels of the mutant protein may be reduced, leaving the normal protein 
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10 



15 



20 



produced by the non-mutant allele to fulfill its function. Specific elimination 
of an undesirable protein may be achieved by expression of specific ribozymes 



In addition, the compounds and methods of the present invention are 
useful in treatment of conditions or diseases where it is desirable to introduce 
an exogenous protein or genetic material which is not a normal component of 
the target cell or tissue. Examples include methods for treatment of growth of 
abnormal cells, such as cancer cells, and treatment of viral infection. In certain 
of these cases, a gene is transferred to target cells to produce an enzyme which 
acts on co-administered agents to produce toxins that destroy the target cell. 

The term "active amount of a gene transfer activating compound" as 
used herein is intended to mean an amount of a gene transfer activating 
compound that, when administered to a cell in combination with a recombinant 
vector, simultaneously or not, ameliorates a symptom of a disease, disorder, or 
condition. 

The term "active amount of a recombinant vector" as used herein is 
intended to mean an amount of a recombinant vector that, when administered 
to a cell in combination with a gene transfer activating compound, 
simultaneously or not, ameliorates a symptom of a disease, disorder, or 
condition. 

The term "abnormal cell" as used herein is intended to mean a cell 
which is anomalous in any of a number of ways including but not limited to: 
dividing in an uncontrolled manner, having chromosomal abnormalities, 
having atypical functional properties such as, uncontrolled release or uptake of 
cellular products, loss of usual contact inhibition, and unusual migratory 
properties. In addition, abnormal cells might be characterized by failure to 
mature along normal functional lines, by widely varying in size compared to a 
typical cell of its type and by loss of usual orientation of the cells to one 
another. 



(16). 
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The term "pathogenic viral infection** as used herein is intended to 
mean infection by a virus causing disease or pathological effects and is 
distinguished from therapeutic viral infection. 

The term "mutant" as used herein is intended to mean a change in a 
5 gene which has deleterious effects on the cell or organism in which the 
mutation occurred. 
Methods of Treatment 

The method of treatment basically consists of providing to cells the 
gene to be transferred and exposing the cells to at least one gene transfer 

10 activating compound. It will be apparent to one skilled in the art that multiple 
genes may be transferred. For example, more than one adenovirus construct or 
plasmid may be delivered to a cell or tissue. The gene to be transferred can be 
delivered directly to the targeted cells or tissue or administered systemically. 
In the latter case, the gene is delivered in combination with a targeting means, 

15 such as through the selection of a particular viral vector or delivery 
formulation. The gene transfer activating compound can also be administered 
directly to targeted cells or tissues, or systemically. Cells can be treated in 
v/vo, within the patient to be treated, or treated ex vivo, then injected into the 
patient. Further, cells or tissue may be treated and maintained in vitro. 

20 In some applications of a process provided by the present invention, 

cells that receive the recombinant vector are administered to the subject. A 
preferred embodiment of this process involves the ex vivo transfer of the gene 
to be expressed by incubation of the cells with the gene transfer construct and 
the gene transfer activating compound outside the body of the subject. The 

25 cells that receive the gene are introduced back into the subject where they 
express the therapeutic protein. 

The route of gene transfer activating compound administration to a 
subject is oral, rectal, intraventricular, intracranial, intratumoral, intrathecal, 
intracistemal, intravaginal, parenteral, intravenous, intramuscular, 

30 subcutaneous, local, intraperitoneal, transdermal, by inhalation or as a buccal 
or nasal spray. The exact amount of gene transfer activating compounds 
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required will vary from subject to subject, depending on the age, weight and 
general condition of the subject, the severity of the disease that is being treated, 
the location and size of the tumor, the particular compounds used, the mode of 
administration, and the like. An appropriate amount may be determined by one 
5 of ordinary skill in the art using only routine experimentation given the 
teachings herein. 

The route of delivery of a pharmaceutically active amount of 
recombinant vector is oral, rectal, intraventricular, intracranial, intratumoral, 
intrathecal, intracistemal, intravaginal, parenteral, intravenous, intramuscular, 

10 subcutaneous, local, intraperitoneal, transdermal, by inhalation or as a buccal 
or nasal spray. The exact amount of recombinant vector required as a 
pharmaceutically active amount will vary from subject to subject, depending on 
the age, weight and general condition of the subject, the severity of the disease 
that is being treated, the location and size of the tumor, the particular 

1 5 compounds used, the mode of delivery, and the like. An appropriate amount 
may be determined by one of ordinary skill in the art using only routine 
experimentation given the teachings herein. 
Formulation 

Depending on the intended mode of administration or delivery, the gene 
20 transfer activating compounds and recombinant vector can be in administered 
to a subject or cell as compositions in the form of solid, semi-solid or liquid 
dosage forms as desired in a particular application. For example, the gene 
transfer activating compounds and recombinant vector may be each 
individually formulated as powders, liquids, or suspensions, preferably in unit 
25 dosage form suitable for single administration of a precise dosage. In addition, 
formulations as pills, capsules, suppositories, or tablets may be appropriated for 
administration to a subject. 

The compositions will include an effective amount of the selected gene 
transfer activating compound and/or vector in combination with a biologically 
30 acceptable carrier and, in addition, may include other medicinal agents, 
pharmaceutical agents, carriers, or diluents. By "biologically acceptable" is 
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meant a material that is not biologically or otherwise undesirable, which can be 
administered to a subject along with the selected gene transfer activating 
compounds without causing significant undesirable biological effects or 
interacting in a deleterious manner with any of the other components of the 



Compositions may comprise physiologically acceptable sterile aqueous 
or nonaqueous solutions, dispersions, suspensions or emulsions, and sterile 
powders for reconstitution into sterile injectable solutions or dispersions. 
Examples of suitable aqueous and nonaqueous carriers, diluents, solvents or 
10 vehicles include water, ethanol, polyols, suitable mixtures thereof, vegetable 
oils and injectable organic esters such as ethyl oleate. Proper fluidity can be 
maintained, for example, by the use of a coating such as lecithin, by the 
maintenance of the required particle size in the case of dispersions and by the 
use of surfactants. 

15 These compositions may also contain adjuvants such as preserving, 

wetting, emulsifying, and dispensing agents. Prevention of the action of 
microorganisms can be ensured by various antibacterial and antifungal agents, 
for example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may 
also be desirable to include isotonic agents, for example sugars, sodium 

20 chloride, and the like. Prolonged absorption can be brought about by the use of 
agents delaying absorption, for example, aluminum monostearate and gelatin. 

Solid dosage forms include capsules, tablets, pills, powders, and 
granules. In such solid dosage forms, the active compound is admixed with at 
least one inert customary excipient such as sodium citrate or dicalcium 

25 phosphate or (a) fillers or extenders, as for example, starches, lactose, sucrose, 
glucose, mannitol, and silicic acid, (b) binders, as for example, 
carboxymethylcellulose, alignates, gelatin, polyvinylpyrrolidone, sucrose, and 
acacia, (c) humectants, as for example, glycerol, (d) disintegrating agents, as 
for example, agar-agar, calcium carbonate, potato or tapioca starch, alginic 

30 acid, certain complex silicates, and sodium carbonate, (e) solution retarders, as 
for example paraffin, (f) absorption accelerators, as for example, quaternary 



5 



pharmaceutical composition in which it is contained. 
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ammonium compounds, (g) wetting agents, as for example, cetyl alcohol, and 
glycerol monostearate, (h) adsorbents, as for example, kaolin and bentonite, 
and (i) lubricants, as for example, talc, calcium stearate, magnesium stearate, 
solid polyethylene glycols, sodium lauryl sulfate, or mixtures thereof. In the 
5 case of capsules, tablets, and pills, the dosage forms may also comprise 
buffering agents. 

Solid compositions of a similar type may also be employed as fillers in 
soft and hard-filled gelatin capsules using such excipients as lactose or milk 
sugar as well as high molecular weight polyethyleneglycols, and the like. 

10 Solid dosage forms such as tablets, dragees, capsules, pills, and 

granules can be prepared with coatings and shells, such as enteric coatings and 
others well known in the art. They may contain opacifying agents, and can 
also be of such composition that they release the active compound or 
compounds in a certain part of the intestinal tract in a delayed manner. 

15 Examples of embedding compositions which can be used are polymeric 
substances and waxes. The active compounds can also be in micro- 
encapsulated form, if appropriate, with one or more of the above-mentioned 
excipients. 

Liquid forms include pharmaceutical^ acceptable emulsions, solutions, 
20 suspensions, syrups, and elixirs. In addition to the active compounds, the 
liquid dosage forms may contain inert diluents commonly used in the art, such 
as water or other solvents, solubilizing agents and emulsifiers, as for example, 
ethyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, 
propyleneglycol, 1,3-butyleneglycol, oils, in particular, cottonseed oil, 
25 groundnut oil, corn germ oil, olive oil, castor oil and sesame oil, glycerol, 
tetrahydrofurfiiryl alcohol, polyethyleneglycols and fatty acid esters of sorbitan 
or mixtures of these substances, and the like. 

Besides such inert diluents, the compositions can also include 
adjuvants, such as wetting agents, emulsifying and suspending agents, 
30 sweetening, flavoring, and perfuming agents. 
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Suspensions, in addition to the active compounds, may contain 
suspending agents, as for example, ethoxylated isostearyl alcohols, 
polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, 
aluminum metahydroxide, bentonite, agar-agar and tragacanth, or mixtures of 
S these substances, and the like. 

Compositions for rectal administration to a subject are preferably 
suppositories which can be prepared by mixing the compounds of the present 
invention with suitable non-irritating excipients or carriers such as cocoa 
butter, polyethyleneglycol or a suppository wax, which are solid at ordinary 

10 temperatures but liquid at body temperature and therefore, melt in the rectum 
or vaginal cavity and release the active component. 

Dosage forms for topical administration of a compound of this 
invention to a subject include ointments, powders, sprays, and inhalants. The 
active component is admixed under sterile conditions with a physiologically 

15 acceptable carrier and any preservatives, buffers, or propellants as may be 
required. Ophthalmic formulations, eye ointments, powders, and solutions are 
also contemplated as being within the scope of this invention. 

The term "pharmaceutical^ acceptable salts, esters, amides, and 
prodrugs" as used herein refers to those carboxylate salts, amino acid addition 

20 salts, esters, amides, and prodrugs of the compounds of the present invention 
which are, within the scope of sound medical judgment, suitable for use in 
contact with the tissues of patients without undue toxicity, irritation, allergic 
response, and the like, commensurate with a reasonable benefit/risk ratio, and 
effective for their intended use, as well as the zwitterionic forms, where 

25 possible, of the compounds of the invention. The term "salts" refers to the 
relatively non-toxic, inorganic and organic acid addition salts of compounds of 
the present invention. These salts can be prepared in situ during the final 
isolation and purification of the compounds or by separately reacting the 
purified compound in its free base form with a suitable organic or inorganic 

30 acid and isolating the salt thus formed. Representative salts include the 
hydrobromide, hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, 
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valerate, oleate, palmitate, stearate, laurate, borate, benzoate, lactate, 
phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate 
mesylate, glucoheptonate, lactobionate, methane sulphonate and 
laurylsulphonate salts, and the like. These may include cations based on the 
5 alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium, 
magnesium, and the like, as well as non-toxic ammonium, quaternary 
ammonium and amine cations including, but not limited to ammonium, 
tetramethylammonium, tetraethylammonium, methylamine, dimethylamine, 
trimethylamine, triethylamine, ethylamine, and the like. See, for example, 

10 S.M. Berge, et al., "Pharmaceutical Salts/ V. Pharm. ScL y 1977; 66:1-19. 

Examples of pharmaceutical^ acceptable, non-toxic esters of the 
compounds of this invention include Ci-Cs alkyl esters wherein the alkyl group 
is a straight or branched chain. Acceptable esters also include C5-C7 cycloalkyl 
esters as well as arylalkyl esters such as, but not limited to benzyl. C1-C4 alkyl 

1 5 esters are preferred. Esters of the compounds of the present invention may be 
prepared according to conventional methods. 

Examples of pharmaceutical^ acceptable, non-toxic amides of the 
compounds of this invention include amides derived from ammonia, primary 
C1-C6 alkyl amines and secondary C1-C6 dialkyl amines wherein the alkyl 

20 groups are straight or branched chain. In the case of secondary amines the 
amine may also be in the form of a 5- or 6-membered heterocycle containing 
one nitrogen atom. Amides derived from ammonia, C1-C3 alkyl primary 
amines, and C1-C2 dialkyl secondary amines are preferred. Amides of the 
compounds of the invention may be prepared according to conventional 

25 methods. 

The term "prodrug" refers to compounds that are rapidly transformed in 
vivo to yield the parent compound of the above formula, for example, by 
hydrolysis in blood. A thorough discussion is provided in T. Higuchi and V. 
Stella, "Pro-drugs as Novel Delivery Systems," Vol. 14 of the A.C.S. 
30 Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward 
B. Roche, American Pharmaceutical Association and Pergamon Press, 1987. 
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In addition, the compounds of the present invention can exist in 
unsolvated as well as solvated forms with pharmaceutical^ acceptable solvents 
such as water, ethanol, and the like. In general, the solvated forms are 
considered equivalent to the unsolvated forms for the purposes of the present 



The compounds of the present invention can exist in different 
stereoisomer^ forms by virtue of the presence of asymmetric centers in the 
compounds. It is contemplated that all stereoisomer^ forms of the compounds, 
as well as mixtures thereof including racemic mixtures, form part of this 
10 invention. 

The compounds of the present invention are administered to a subject at 
various dosage levels. The dosage depends on a number of factors 
illustratively including the size and age of the subject, the severity of the 
condition being treated, and the pharmacological activity of the compound 
1 5 being used. The determination of optimum dosages for a particular patient is 
well known to those skilled in the art. 

In addition, it is intended that the present invention cover compounds 
made either using standard organic synthetic techniques, including 
combinatorial chemistry or by biological methods, such as through metabolism. 
20 Gene Transfer Activating Composition 

An inventive gene transfer activating composition includes a gene 
transfer vector as described herein and a gene transfer activating compound as 
described herein. 



25 The following examples are given for the purpose of illustrating various 

embodiments of the invention and are not meant to limit the present invention 
in any fashion. 
Example 1 

HT29 cells are grown in 96-well plates. The cells are seeded at near 
30 confluency, about 300,000 cells per well, and infected with adenovirus 3-4 
days later. At confluency on filters these tumor cells establish a resistance of 
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200-1000 Q cm 2 and exhibit vectoral chloride transport, two useful endpoints 
in evaluating viability. For screening purposes, cells are grown on plastic. 
Confluent monolayers under these conditions exhibit marked resistance to 
adenovirus transduction. The activity of candidate compounds may be also 
5 confirmed using polarized monolayers grown on filters. Once confluent, HT29 
cells are very difficult to transduce with adenoviral constructs. Fewer than 1 in 
100 cells express adenoviral transgenes at multiplicity of infection (MOI) of 
approximately 50. A replication deficient adenovirus encoding firefly 
luciferase or the EGFP at an MOI of 50 for each well of cells in low serum 

10 medium is applied for 4 hours at 37°C. Confluent HeLa cells are used as a 
positive control. A set of cells is incubated with virus but no gene transfer 
activating compound as a negative control. Test drugs are incubated along 
with the virus. Forty-eight hours later, the cells are assayed for luciferase by 
standard techniques. Luciferase is assayed using a commercially available kit 

15 (Promega) which allows quantitative measurements of adenoviral gene 
transfer. The results are shown in Figure 1. 
Example 2 

HT29 or HeLa cells are grown in 96-well plates. The HT29 cells are 
seeded at near confluency, about 300,000 cells per well, and infected with 

20 adenovirus 3-4 days later. Confluent HeLa cells are used as a positive control. 
Confluent monolayers under these conditions exhibit marked resistance to 
adenovirus entry. A replication deficient adenovirus encoding the EGFP gene 
is applied at an MOI of 0.1-10 to wells of cells in low serum medium for 4 
hours at 37°C. Gene transfer activating compounds are incubated along with 

25 the virus at concentrations of 100 micromolar. Cells are visualized with a 
fluorescent microscope where green fluorescence indicates EGFP expression. 
A set of cells is incubated with virus but no gene transfer activating compound. 
NSC compound 675865 shows activation of adenovirus gene transfer at 100 
micromolar concentration in HT29 cells. 
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Example 3 

The procedure of Example 1 is repeated in turn with 1032 compounds 
obtained from the NSC library. NSC compounds 73609, 82090, 101492, 
102821, 106191, 108613, 109325, 128720, 143491, 259968, 373989 and 
5 675865 are observed to show activation of adenovirus gene transfer at 100 
micromolar concentrations in HT29 cells. 
Example 4 

Calu3 epithelial cells are grown in 96-well plates. The cells are seeded 
at near confluency, about 300,000 cells per well, and infected with adenovirus 

10 3-4 days later. A replication deficient adenovirus encoding luciferase is 
applied at an MOI of 5 or 10 to wells of cells in low serum medium for 4 hours 
at 37°C. Each of the numerically identified NSC compounds of Figure 1 
individually is incubated along with the virus at a concentration of 100 
micromolar. A set of cells is incubated with virus but no gene transfer 

15 activating compound. Forty-eight hours later, the cells are assayed for 
luciferase by standard techniques. Luciferase assay of cells incubated in the 
presence of the activating NSC compound show luminometric counts greater 
than that of cells incubated absent the activating compound. 
Example 5 

20 HT29 cells are grown in 96-well plates. The cells are seeded at near 

confluency, about 300,000 cells per well, and infected with adenovirus 3-4 
days later. Confluent monolayers under these conditions exhibit marked 
resistance to adenovirus transduction. A replication deficient adenovirus 
encoding EGFP is applied at an MOI of 10 to wells of cells in low serum 

25 medium for 4 hours at 37°C. Numerically identified NSC compounds of 
Figure 1 individually are incubated along with the virus at a concentration of 
100 micromolar. A second set of cells is incubated with virus but no gene 
transfer activating compound and a third set of cells is incubated with virus and 
5 millimolar EGTA. Forty-eight hours later, the cells are assayed for green 

30 fluorescein by standard techniques. 
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Example 6 

Prostate or colon tumors are established in suitable hosts and E. coli 
purine nucleoside phosphorylase (PNP) activity assayed in the presence or 
absence of adenovirus encoding PNP. Approximately 2-3 X 10 9 adenoviral 
5 particles are administered per tumor in the presence of 100 micromolar - 1 
milimolar of each of the numerically identified NSC compounds of Figure 1 
individually or in the absence of the compound, as a control. Transgene 
activity is also assayed in livers. Further details of the method are described in 
the literature (2). PNP activity in tumors exposed to an inventive compound 
10 are higher than those observed in the controls. 
Example 7 

Numerically identified NSC compounds of Figure 1 individually are 
assayed for effects on cell proliferation using HT29 and HeLa cells cultured at 
medium confluency. Each compound is added to achieve a final concentration 
15 of 10 micromolar or 100 micromolar. Measurements of cell proliferation are 
made according to the manufacturer's protocol using the Cytotox 96 non- 
radioactive assay which is commercially available from Promega Corp., 
Madison, WI. 
Example 8 

20 Compound 675865 is tested extensively over a wide concentration 

range, with various cell types, and with various gene transfer vectors at 
differing MOIs. 

Figures 2A and 2B show a comparison of luciferase expression (y-axis, 
light units) vs. MOI (x-axis) in HeLa and HT29 cells infected with adenovirus 

25 under various conditions. For these studies, cells are grown in 96-well plates. 
The HT29 cells are seeded at near confluency, about 300,000 cells per well, 
and infected with adenovirus 3-4 days later. The cells are infected with 
luciferase-expressing, replication-deficient adenovirus at MOIs of 1, 3 or 10 by 
applying the virus to wells of cells in low serum medium for 4 hours at 37°C. 

30 In addition, the cells are incubated with gene transfer activating compound 
675865 at a concentration of 30nM, 300nM, 10uM, 30uM or lOOuM along 
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with the virus. A control set of cells is incubated with virus at MOIs of 1, 3 or 
10, but no gene transfer activating compound is included. Forty-eight hours 
later, the cells are assayed for luciferase activity by standard techniques. NSC 
compound 675865 shows activation of adenovirus gene transfer even in HT29 
5 cells. Figures 3A and 3B present data from these experiments in which 
luciferase expression (y-axis, light units) is plotted vs. compound 675865 
concentration (x-axis). 
Example 9 

Lung epithelial cells which form tight junctions in vitro, Calu3, are 
10 grown on filters (Corning Costar Transwell® - polyester- pore size 0.4^m) or 
plastic well allowing apical and basolateral specialization to occur. As shown 
in Figure 4 A, increased luciferase activity is detected in Calu3 cells infected 
with luciferase expressing adenovirus in the presence of 40jim compound 
675865. 
15 Example 10 

Calu3 cells grown as described in Example 9 are incubated with adenovirus at 
10 MOI and various compounds at a concentration of 40 micromolar. Figure 
4B indicates luciferase activity measured under these conditions. 
Example 11 

20 Figure 5A show a comparison of luciferase expression (y-axis, light 

units) vs. MOI (x-axis) in HT29 cells infected with lentivirus under various 
conditions. For these studies, cells are grown in 96-well plates as described in 
Example 8. The HT29 cells are seeded at near confluency, about 300,000 cells 
per well, and infected with a lentivirus vector expressing luciferase 3-4 days 

25 later. The cells are infected with lentivirus at MOIs of 0.002, 0.02 or 0.2 by 
applying the virus to wells of cells in low serum medium for 4 hours at 37°C. 
In addition, the cells are incubated with gene transfer activating compound 
675865 at a concentration of 30nM, 300nM, lOuM, 30uM or lOOuM along 
with the virus. A control set of cells is incubated with virus at MOIs of 0.002, 

30 0.02 or 0.2 but no gene transfer activating compound is included. Forty-eight 
hours later, the cells are assayed for luciferase activity by standard techniques. 
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Results show enhancement of luciferase activity when compound 675865 is 
used. Figure 5B present data from these experiments in which luciferase 
expression (y-axis, light units) is plotted vs. compound 675865 concentration 
(x-axis). 
5 Example 12 

Compound 143491 is tested extensively over a wide concentration 
range, with various cell types, and with various gene transfer vectors at 
differing MOIs. 



10 light units) vs. MOI (x-axis) in HeLa and HT29 cells infected with adenovirus 
under various conditions. For these studies, cells are grown in 96-well plates. 
The HT29 cells are seeded at near confluency, about 300,000 cells per well, 
and infected with adenovirus 3-4 days later. The cells are infected with 
luciferase-expressing, replication-deficient adenovirus at MOIs of 1, 3 or 10 by 

15 applying the virus to wells of cells in low serum medium for 4 hours at 37°C. 
In addition, the cells are incubated with gene transfer activating compound 
143491 at a concentration of 30nM, 300nM, lOuM, 30uM or lOOuM along 
with the virus. A control set of cells is incubated with virus at MOIs of 1, 3 or 
10, but no gene transfer activating compound is included. Forty-eight hours 

20 later, the cells are assayed for luciferase activity by standard techniques. NSC 
compound 143491 shows activation of adenovirus gene transfer even in HT29 
cells. Figures 7A and 7B present data from these experiments in which 
luciferase expression (y-axis, light units) is plotted vs. compound 143491 
concentration (x-axis). 

25 Example 13 

Figures 8 A and 8B show a comparison of luciferase expression (y-axis, 
light units) vs. MOI (x-axis) in HeLa and HT29 cells infected with adeno- 
associated virus under various conditions. For these studies, cells are grown as 
described in Example 8. The HT29 cells are seeded at near confluency, about 

30 300,000 cells per well, and infected with adenovirus 3-4 days later. The cells 
are infected with luciferase-expressing, adeno-associated virus at MOIs of 



Figures 6A and 6B show a comparison of luciferase expression (y-axis, 
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2.78, 8.33 or 22 by applying the virus to wells of cells in low serum medium 
for 4 hours at 37°C In addition, the cells are incubated with gene transfer 
activating compound 143491 at a concentration of 30nM, 300nM, lOuM, 30uM 
or lOOuM along with the virus. A control set of cells is incubated with virus at 
5 MOIs of 2.78, 8.33 or 22, but no gene transfer activating compound is 
included. Forty-eight hours later, the cells are assayed for luciferase activity by 
standard techniques. Luciferase activity is enhanced in cells treated with 
compound 143491 compared with controls. Figures 9A and 9B present data 
from these experiments in which luciferase expression (y-axis, light units) is 
10 plotted vs. compound 143491 concentration (x-axis). 
Example 14 

Calu3 cells grown as described in Example 9 are incubated with 
luciferase-expressing adenovirus and various gene transfer activating 
compounds. Figure 10 shows the results of these experiments and demonstrates 
15 increases in luciferase activity of about 1.5 to 14 fold when cells are infected 
with adenovirus in the presence of a gene transfer activating compound. 
Example 15 

In vivo carcinoma models 

D54MG tumor cells (2 x 10 7 ), PC-3 prostate tumor cells (2 x 10 7 ) or 
20 HT29 colonic carcinoma cells (2 x 10 7 ) are injected subcutaneously into the 
flanks of nude mice (nu/nu) (e.g. from Taconic Farms). Resulting tumors are 
measured with calipers approximately two times each week and an estimate of 
weight (mg) calculated as described in Reference 2. Mice are evaluated for 
weight loss, tumor mass, and overall appearance every 3 days. 
25 Example 16 

Adenovirus construct expressing E. coli purine nucleoside phosphorylase 
The E. coli PNP gene is excised from pSV-PNP (19) using BamHI and 
inserted into the pACCMVpLpA adenoviral transfer vector. (17). 
Recombinant adenovirus is constructed by co-transfecting 293 cells in 6-well 
30 plates with the plasmid pJM17 (Microbix, Canada) and pACCMVpLpA-PNP 
(17). Adenoviral DNA is purified from 200 jil of tissue culture supernatant 
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using a kit from Qiagen. PCR-based screening (using viral DNA as template) 
with PNP specific primers is used to identify recombinant adenovirus, and 
recombinants are plaque purified by iterative infection of 293 cells with serially 
diluted viral stocks from single plaques. Functional expression of PNP from 
5 recombinant virus is confirmed by HPLC of infected cell lysates. Ad-PNP is 
prepared by the CsCl gradient centrifiigation (18), and replication competent 
adenovirus (RCA) excluded by a PCR based assay using El -specific primers 
that produce products only in the presence of RCA (19). Recombinant 
adenovirus constructs expressing EGFP (enhanced green fluorescence protein) 
or luciferase are constructed using an otherwise identical vector backbone 
using the same or similar techniques. 
Example 17 

Lentivirus construct expressing E. coli purine nucleoside phosphorvlase 
Lentivirus construction is performed according to the method of Trono 
15 et al- flittp://ww.tronolab.uni^exh/LV , S%20KITCHEM > age.htm^ (23, 24). 
In order to establish a lentivirus capable of PNP expression, the gene is PCR 
amplified using primers 5'ggatccaccatggctaccccacacattaatg 3' (BamHI site and 
ATG underlined) (SEQUENCE ID No. 1) and 5* cctcgagtcactctttatcgcccagcag 
3' (Xhol site underlined) (SEQUENCE ID No. 2). The resulting product is 

20 subcloned into Zero-Blunt (Invitrogen). Following digestion with BamHI and 
Xhol, the PNP gene is cloned to replace the luciferase gene in the 
pHR'CMVLuc W Sin- 18 lentivirus vector. Correct insertion is verified by 
sequencing the entire PNP gene and the ligation sites, and by transfecting the 
resulting plasmid (which encodes a CMV promoter driven PNP gene) into 

25 293T cells and verifying the expression of E. coli PNP enzymatic activity by 
HPLC in vitro (see above). The plasmid is then transfected into 293T cells 
together with two packaging plasmid vectors, pMD.G (envelope) and 
pCMVDR8.91 (packaging construct). Replication deficient viral particles 
encoding E. coli PNP are collected from tissue culture supernatant following 

30 transfection and lentivirus stock concentrated by sucrose cushion 
centrifiigation. The titer of virus stock is estimated by performing parallel 



WO 2004/005464 



PCT/US2003/020732 



29 

EGFP (enhanced green fluorescent protein)-lentivirus production engineered in 
an otherwise identical vector context using the same procedures, and then by 
estimating the number of green cells when infected with the EGFP virus stock. 
The titer of lenti virus reaches Ix 10 9 infectious particles/ml following 
5 concentration. A luciferase expressing lentivirus construct is made according 
to similar procedures. 
Example 18 

Measurement of E. coli PNP activity 

Crude cell extracts are prepared from cells transduced with the E. coli 
10 PNP gene as described (20,21). The extracts are incubated with various 
concentrations of MeP-dR and the formation of product is measured by HPLC 
analysis of the reaction mixture. Activity may be expressed as PNP units (22); 
one unit representing one nmole MeP-dR converted/mg tumor cell 
extract/hour. 
15 Example 19 

Measurement of Luciferase Activity 

Luciferase activity is measured using a commercially available assay 
kit (Bright-Glo™, Promega) designed for high throughput screening. Briefly, 
the Bright-Glo™ substrate is dissolved in Bright-Glo™ assay buffer at room 
20 temperature. 50 \i\ of the premixed Bright-Glo™ reagent is directly added to 
each well of the assay plate. Luminescence is measured in a microluminometer 
(Harta Instrument, Gaithersburg, MD). 
Example 20 

Administration of a gene expression enhancement composition to a 

25 subject 

Recombinant virus and a gene transfer activator compound are 
premixed before administration. The mixture (100^1, 2-3 X 10 9 PFU) is 
injected intratumorally as described in Example 15 through four needle tracks 
into a subject having a tumor. 
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Example 21 

Assessment of reporter eene activity in a subject treated with a gene 
expression enhancement composition 

Adenovirus expressing PNP (lOOjil, 2-3 X 10 9 PFU) is injected into 
5 mouse PC-3 tumors established as described in Example 15. The adenovirus is 
mixed before injection with either gene transfer activator compound (final 
concentration in the mixture of 1 milimolar, in an injection compatible buffer) 
or an equal volume of the injection compatible buffer. Tumors are removed 
and assayed for PNP expression as in Example 18. Non-injected tissues, such 
10 as liver, are also assayed for PNP expression. 
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Any patents or publications mentioned in this specification are 
indicative of the levels of those skilled in the art to which the invention 

25 pertains. These patents and publications are herein incorporated by reference 
to the same extent as if each individual publication was specifically and 
individually indicated to be incorporated by reference. 

One skilled in the art will readily appreciate that the present invention is 
well adapted to carry out the objects and obtain the ends and advantages 

30 mentioned, as well as those inherent therein. The present methods, procedures, 
treatments, molecules, and specific compounds described herein are presently 
representative of preferred embodiments, are exemplary, and are not intended 
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as limitations on the scope of the invention. Changes therein and other uses 
will occur to those skilled in the art which are encompassed within the spirit of 
the invention as defined by the scope of the claims. 
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Claims 

1. A kit for activating gene transfer, said kit comprising a gene 
transfer activating compound, packaged in a suitable container together with 
instructions for use to activate gene transfer. 

5 

2. The kit of claim 1 wherein said gene transfer activating 
compound has a molecular weight of between 300 and 2000. 

3. The kit of claim 1 wherein said gene transfer compound is 
10 selected from the group consisting of: 
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wherein Q is nitrogen or oxygen, wherein each occurrence of R 1 independently 
is H, CH 3 , CH 2 CH 3 or a nullity, wherein R 2 is Q-Cig alleyl, C 2 -Ci 8 ether, C 2 - 
Cig thioether, C2-C18 secondary or tertiary amine, 
wherein A is 

R' 

Q Rl 
R 1 

wherein R 3 is H, Ci-C 6 alkyl, or a heteroatom substituted C\-C 6 alkyl 
where the heteroatom is oxygen, nitrogen, or sulfur, wherein R 4 is C2-C6 
5 amide, or =N-R 5 where R 5 is C7-C12 aryloxyl, Ci-C 6 hydronyl, carbonyl, 
carboxyl, or acyl, imidazyl, pyrazyl, thiazyl, or oxazyl, wherein X is H, F, CI or 
Br, wherein Z is oxygen or sulfur. 

4. The kit of claim 1 wherein said gene transfer compound is 
10 bouvardin. 

5. The kit of claim 3 wherein said gene transfer compound is that 




of structure I, wherein A is , and Q is nitrogen in each occurrence. 



15 6. The kit of claim 3 wherein said gene transfer compound is that 

o 

A." 

^ N 

of structure I, wherein A and each occurrence of Q together are ^N^^O 



7. The kit of claim 3 wherein said gene transfer compound is that 
of structure II wherein Q is nitrogen and R 2 is Ci-C l8 alkyl. 
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8. The kit of claim 7 wherein R 4 is =N-R 5 . 

9. The kit of claim 7 wherein X is CI or Br. 

10. The kit of claim 3 wherein said gene transfer compound is that 

x 




of structure III wherein Q in each occurrence together are R 



1 1 . The kit of claim 10 wherein said gene transfer compound is that 
10 of structure II or VII wherein each occurrence of R 1 is H, or CH 3 . 

12. The kit of claim 3 wherein said gene transfer compound is that 
of structure V wherein Q in each occurrence is oxygen. 

15 13. The kit of claim 3 wherein said gene transfer compound is that 

of structure VI wherein Q in each occurrence is oxygen. 



of 



R 

,Q R 1 




14. The kit of claim 13 wherein A is 



20 15. The kit of claim 3 wherein said gene transfer compound is that 

of structure VII wherein Q in each non-aromatic substituent occurrence is 
oxygen. 



25 



16. The kit of claim 15 wherein R 1 in each occurrence is H. 
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1 7. The kit of claim 3 wherein said compound is selected from the 
group consisting of: NSC73609, NSC82090, NSC101492, NSC102821, 
NSC106191, NSC108613, NSC109325, NSC128720, NSC143491, 
NSC259968, NSC373989 and NSC675865. 

18. The kit of claim 1 further comprising a recombinant gene 
transfer vector. 

1 9. The kit of claim 1 8 wherein said recombinant vector is a virus. 

20. The kit of claim 1 further comprising a recombinant adenovirus. 

21 . The kit of claim 19 wherein said virus is selected from the group 
consisting of: lentivirus, adeno-associated virus, retrovirus, vaccinia virus, and 
herpes simplex virus. 

22. The kit of claim 18 wherein said recombinant vector is a 
plasmid. 

23. The kit of claim 18 wherein the recombinant gene transfer 
vector comprises a nucleic acid sequence encoding a protein. 

24. The kit of claim 1 further comprising a biologically acceptable 

carrier. 

25. The kit of claim 18 wherein the recombinant gene transfer 
vector is an oligonucleotide. 

26. The kit of claim 18 wherein the recombinant gene transfer 
vector is an RNA molecule. 
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27. A process for activating gene transfer of a vector to a cell 
comprising the steps of: 

contacting a cell with a recombinant gene transfer vector, and 
administering a gene transfer activating compound to the cell, such that 
5 transfer of the vector to the cell is activated. 

28. The process of claim 27 wherein the gene transfer activating 



compound is selected from the group consisting of: 
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wherein Q is nitrogen or oxygen, wherein each occurrence of R 1 independently 
is H, CH 3 , CH2CH3 or a nullity, wherein R 2 is C,-C 18 alleyl, C 2 -Ci 8 ether, C 2 - 
C|g thioether, C2-C18 secondary or tertiary amine, 
wherein A is 




wherein R 3 is H, C1-C6 alkyl, or a heteroatom substituted Ci-C 6 alkyl 
where the heteroatom is oxygen, nitrogen, or sulfur, wherein R 4 is C2-C6 
amide, or =N-R 5 where R 5 is C7-C12 aryloxyl, C1-C6 hydronyl, carbonyl, 
carboxyl, or acyl, imidazyl, pyrazyl, thiazyl, or oxazyl, wherein X is H, F, CI or 
10 Br, wherein Z is oxygen or sulfur. 

29. The process of claim 27 wherein the gene transfer activating 
compound is selected from the group consisting of: NSC73609, NSC82090, 
NSC101492, NSC102821, NSC106191, NSC108613, NSC109325, 

15 NSC128720, NSC143491, NSC259968, NSC373989 and NSC675865. 

30. The process for activating gene transfer of claim 27 wherein 
said cell is selected from the group consisting of: neural, muscle, blood, glial, 
fibroblast, keratinocyte, hepatocyte, epidermal, endothelial, epithelial and 

20 tumor. 

31. The process for activating gene transfer of claim 27 wherein 
said recombinant vector is a virus. 

25 32. The process for activating gene transfer of claim 27 wherein 

said virus is adenovirus. 
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33. The process for activating gene transfer of claim 27 wherein 
said gene transfer vector is selected from the group consisting of: lentivirus, 
adeno-associated virus, retrovirus, vaccinia virus, and herpes simplex virus. 

34. The process for activating gene transfer of claim 27 wherein 
said recombinant vector is a plasmid. 

35. The process for activating gene transfer of claim 27 wherein 
said cell is a human cell. 

36. A process for determining the efficacy of a putative gene 
transfer activating compound to activate gene transfer, comprising the steps of: 

administering a test compound to a first cell; 

contacting the first cell with a first amount of a recombinant vector; 

contacting a second cell with a second amount of the recombinant 
vector, the second amount of the recombinant vector substantially equal to the 
first amount; 

measuring a gene transfer indicator in the first cell to obtain a test 
measurement; 

measuring the gene transfer indicator in the second cell to obtain a 
control measurement; 



comparing the test measurement and the control measurement to 
determine the efficacy of the putative gene transfer activating compound to 
activate gene transfer. 

37. Use of a compound of Formulae I- VII for use as a gene transfer 
activating compound. 



and 



30 38. The use of claim 37 wherein said gene transfer activating 

compound has a molecular weight of between 300 and 2,000. 
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39. The use of claim 37 wherein said gene transfer compound is 
selected from the group consisting of: 




wherein Q is nitrogen or oxygen, wherein each occurrence of R 1 independently 
5 is H, CH 3 , CH 2 CH 3 or a nullity, wherein R 2 is Ci-C| 8 allyl, C 2 -Ci 8 ether, C 2 -C !8 
thioether, C2-C18 secondary or tertiary amine, 
wherein A is 
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R 1 
I 

R 1 

wherein R 3 is H, C|-C 6 alkyl, or a heteroatom substituted Ci-C 6 alkyl 
where the heteroatom is oxygen, nitrogen, or sulfur, wherein R 4 is C2-C6 
amide, or =N-R 5 where R 5 is C7-C12 aryloxyl, C\-C 6 hydronyl, carbonyl, 
5 carboxyl, or acyl, imidazyl, pyrazyl, thiazyl, or oxazyl, wherein X is H, F, CI or 
Br, wherein Z is oxygen or sulfur. 

40. The use of claim 37 wherein said gene transfer compound is 
bouvardin. 

10 

41. The use of claim 39 wherein said gene transfer compound is that 




of structure I, wherein A is , and Q is nitrogen in each occurrence. 



42. The use of claim 39 wherein said gene transfer compound is that 
1 5 of structure I, wherein A and each occurrence of Q together are 0 . 



43. The use of claim 39 wherein said gene transfer compound is that 
of structure II wherein Q is nitrogen and R 2 is Ci-C|g alkyl. 

20 44. The use of claim 43 wherein R 4 is =N-R 5 . 



45. 



The use of claim 43 wherein X is CI or Br. 
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46. The use of claim 39 wherein said gene transfer compound is that 




of structure HI wherein Q in each occurrence together are R 1 



5 47. The use of claim 46 wherein said gene transfer compound is that 

of structure II or VII wherein each occurrence of R 1 is H, or CH3. 

48. The use of claim 39 wherein said gene transfer compound is that 
of structure V wherein Q in each occurrence is oxygen. 



49. The use of claim 39 wherein said gene transfer compound is that 
of structure VI wherein Q in each occurrence is oxygen. 



,Q R 




50. The use of claim 49 wherein A is 
15 

5 1 . The use of claim 39 wherein said gene transfer compound is that 
of structure VII wherein Q in each non-aromatic substituent occurrence is 
oxygen. 

20 52. The use of claim 51 wherein R 1 in each occurrence is H. 

53. The use of claim 39 wherein said compound is selected from the 
group consisting of: NSC73609, NSC82090, NSC101492, NSC102821, 
NSC106191, NSC108613, NSC109325, NSC128720, NSC143491, 
25 NSC259968, NSC373989 and NSC675865. 
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54. A process of claim 27 substantially as described herein in any of 
the examples. 
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